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[57] 


ABSTRACT 


A prosthetic foot includes a prosthesis body having a 
toe region disposed in a front part of the prosthetic foot, 
and a one-piece insert which is provided in the prosthe- 
sis body and which absorbs and transmits stresses im- 
posed on the prosthesis body. The insert enables at least 
a plantar and dorsal deflection as well as axial compres- 
sion of the prosthesis body, and has an approximately 
S-shaped design in the longitudinal section of the pros- 
thetic foot. The insert includes a top horizontal section 
which forms a top edge of the prosthetic foot, and a 
bottom horizontal section which is of an extended con- 
struction compared with the top section and which has 
a free end which extends into the toe region of the 
prosthesis body, so that a high elasticity and a high 
energy storage capacity of the front part of the pros- 
thetic foot are achieved. A front inclined section ex- 
tends at an obtuse angle from the top section to form a 
rigid angular element. A central section functions as a 
leaf spring and has a front end which is connected to a 
lower end of the angular element and has a rear end. An 
approximately semi-circular rear connecting section is 
connected to the bottom section and to the rear end of 
the central section. 

20 Claims, 4 Drawing Sheets 
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region of the prosthesis body, so that a high elasticity 
JOINTLESS PROSTHETIC FOOT aiK j a high energy storage capacity of the front part of 

the prosthetic foot are achieved. A front inclined sec- 
tion extends at an obtuse angle from the top section to 


BACKGROUND OF THE INVENTION 


The invention relates to a jointless prosthetic foot 5 form a rigid angular element. A central section func- 
having a resilient foot insert which is provided inside tions as a leaf spring and has a front end which is con- 
the prosthesis body, which absorbs and transmits the nected t0 a lower md of the clcment and has a 
prosthetic stresses and which has a top horizontal sec ; - rear end An approximatel y semicircular rear connect- 
tion and a bottom horizontal section. The top horizontal . ^ js %Q the ^ ^ t0 the 
section forms the top edge of the prosthetic foot and ,u , . iL 
ofFers a connection possibility with the prosthesis. The rea / cnd of a the ^ scc ^ lon - 
bottom section is of extended construction compared to In accordance with another aspect of the invention, a 
the top section and extends with its free end into the toe buI 6 e IS formed on an upper surface of the bottom sec- 
region to achieve a high elasticity of the front part of tion under a connection area at which the central see- 
the foot in conjunction with a high energy storage ca- 15 tion is connected to the angular element, and an air gap 
pacity when the front part of the foot is stressed. , is formed between the bulge and the connection area: 

A foot of the type mentioned above has become The air gap has a slight wedge formation and opens 

known through the so-called Seattle foot (see VETER- toward the front of the prosthetic foot. 

ANS ADMINISTRATION— JOURNAL OF REHA- In acc0 rdance with yet another aspect of the inven- 

SSS^T?^ R Jf SE , A ^ DB ^? ? - *». additional 'esilient components are connected to 

M ! NT ; V ^ 22 ^ N °- 3 ' BPR 1(M2 ' ^ 75 ~ H m theinsert,andallspringcharacteristicsoftheprosthetic 

particular FIG. 6). - A . . ' B ^ . _ *\ . . 

The function of a prosthetic foot depends substan- fo ° . are determined by the insert and the additional 

tially on its elastic properties. These are determined by resilient components. One of the resilient components IS 

material, design and arrangement of the elastic compo- 25 provided on the bottom section and supports the rigid 

nents used. angular element, and one of the resilient components is 

Depending on the intended area of application, which enclosed by the rear connecting section. In addition, a 
can range from normal walking on a level surface up to wedge-shaped space is formed between the central sec- 
sporting use, such as jogging, running, jumping, de- tion and the bottom section, and one of the resilient 
pending on the desires of the amputee, the requirements 30 components is provided in the space and is enclosed 
of such components are widely varied. More particu- between the front inclined section and the central sec- 
larly, the requirements of the working capacity and the ^on 

variation of spring characteristics, which are closely , n accordance ^ stil] another , of ^ inven . 

associated with the working capacity, can be widely n .. . . . . . \_ r , ri , 

varied when stressed and unftressed to meet the desires 35 tIon ' a Action hmiter is provided in the free end of the 

of the amputee. top sect,on - The flection hmiter compnses a pin having 

The more recent developments of jointless prosthetic a ,ower end secured t0 the rear end of the <* n ^ sec " 

feet for use in as wide an area of application as possible ti( > n and having an upper end which extends through a 

deviate from the conventional concept of the so-called recess in the top section and which terminates in a stop 

SACH foot in that they supplement the rigid core of the 40 which limits movement of the top section, 

foot in the front region of the foot with spring elements Other objects, features and advantages of the present 

or replace it completely by such spring elements, which invention will become apparent to those skilled in the 

is the case with the SEATTLE foot. These modifica- art from tne following detailed description. It should be 

tions are effected in order to improve the elasticity of under8t ood, however, that the detailed description and 

the front pan of the foot and thus also the energy stor- 45 ific exam , whi , £ indicating preferred embodi . 

age capacity when the front part of the foot is stressed. * r -v . * •.• • u r 

In this case, the elasticity of the heel is achieved in a ™ nts °? ,he f 656 ? ! nvenh ° n ; are f ven * ™» f 

largely unchanged design by a foam wedge in the heel |llwtration and not limitation Many changes and mod.- 

region fications within the scope of the present invention may 

50 be made without departing from the spirit thereof, and 

OBJECT AND SUMMARY OF THE INVENTION th e invention includes all such modifications. 

The underlying object of the invention is to develop BRIEF DESCRIPTION OF THE DRAWINGS 

a prosthetic foot of the design explained above having 

improved properties. The above and further, objects of the invention will 
In accordance with a first aspect of the invention, a 55 become more readily apparent as the invention is more 
prosthetic foot is provided which includes a prosthesis clearly understood from the detailed description to 
body having a toe region disposed in a front part of the follow, reference being had to the accompanying draw- 
prosthetic foot, and a one-piece insert which is provided ings in which Iike reference numerals represent like 
in the prosthesis body and which absorbs and transmits rts throughout( md in wmc h: 
stresses imposed on the prosthesis body. The insert 60 pjQ 2 shows a vertical longitudinal section through 

enables at least a plantar and dorsal deflection as well as ... A . . - . . ..JJ* .... . r , . * 

axial compression of the prosthesis body, and has an a J™' 1 " 5 P^the^c foot with a resent foot msert; 

approximately S-shaped design in the longitudinal sec- FIG * 2 shows thc foot msert accord ™« to FIG. 1 in a 

tion of the prosthetic foot. The insert includes a top separate representation; 

horizontal section which forms a top edge of the pros- 65 3 schematically shows the prosthetic foot ac- 
thetic foot, and a bottom horizontal section which is of cording to FIG. 1 in a stressing phase, and 
an extended construction compared with the top sec- FIG. 4 shows a modified embodiment in a representa- 
tion and .which has a free end which extends into the toe tion according to FIG. 1. 
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foamed plastic extending into the toe region. The 

DETAILED DESCRIPTION OF THE abovwioted features will be explained in greater detail 

PREFERRED EMBODIMENTS beJow 

The primary object of the invention is achieved in The jointless prosthetic foot shown in FIG. 1 has a 

that the one-piece foot insert is provided which enables 5 prosthesis body 1 enclosing a resilient foot insert 2, 

at least a plantar and dorsal flection as well as an axial which absorbs and transmits the prosthetic stresses, is , 

compression. The insert has an approximately S-shaped made in one piece, and enables at least a plantar and 

design in the longitudinal section of the foot. The top dorsal flection as well as an axial compression, 

section forms, with a front inclined section connected to Viewed in the longitudinal direction of the foot, the 

it at an obtuse angle, an altogether rigid angular ele- 10 foot insert 2 has an approximately S-shaped design. The 

ment. A central section is connected to the lower end of top horizontal section 2a forms the top edge of the 

the angular element. The central section is similar to a prosthetic foot and is provided with a foot adapter 3 for 

leaf spring and at its rear end, is connected to the bot- detachable connection to a prosthesis. A front inclined 

torn section via an approximately semi-circular connect- section lb is connected to top section la at an obtuse 

ing section. 15 angle. The top and inclined sections form an altogether 

In order to obtain a more natural movement for the rigid angular element, at the lower end 4 of which there 

prosthesis wearer, it is expedient for the lower end of is connected a central section 2c which is like a leaf 

the rigid angular element to extend forward approxi- spring. This latter section 1c is connected at its rear end 

mately into the area of the metatarsophalangeal joints. to a bottom section le via an approximately semi-circu- 

In order to shift the flection of the bottom section of 20 lar connecting section 2d. Bottom section le is of ex- 

the foot insert further forward in the event of an in- tended construction compared to the top section la and 

creasing angle of the front part of the foot, it is advanta- extends with its free end into the toe region of foot 1 so 

geous for the bottom section of the foot insert to have as to achieve a high elasticity of the front part of the 

an upper bulge. The surface of the connection area lies foot in conjunction with a high energy storage capacity 

above the upper bulge. The upper bulge and the surface 25 when the front part of the foot is stressed. The lower 

of the connection area enclose an air gap which opens contour of the bottom horizontal section le is adapted 

toward the front in a slight wedge formation. to match the contour of the underside of the foot 1. In 

According to the invention, the foot insert should be addition, the bottom section le has an upper bulge 5 

designed in such a way that the top section of the foot located under the connection area of the central section 

insert can be twisted in a horizontal plane relative to the 30 1c to the lower end 4 of the rigid angular element 2a lb. 

bottom section. That is to say, the foot insert allows a The upper bulge 5 and the surface 6 of the connection 

torsion, and consequently a rotation, of the prosthetic area lying above the upper bulge enclose an air gap 7 

foot about a vertical axis. In this case, it is also advanta- which opens toward the front of the foot 1 in a slight 

geous if the top section of the foot insert can be twisted, wedge formation. In this case, the lower end 4 of the 

in the frontal plane lying perpendicular and transverse 35 rigid angular element 2a, 2b extends forward approxi- 

to the direction of walking, relative to the bottom sec- mately into the area of the metatarsophalangeal joints at 

tion for adaptation to inclinations transverse to the di- which the bottom section le flexes during normal use. 

rection of walking. According to the invention, it is At its lower end 4, the rigid angular element la, lb 

possible for the resilient properties (spring characteris- bears on the bottom section le via a resilient element 8. 

tics) determining the force/path characteristic and the 40 This resilient element 8 is compressed upon stressing, as 

angle/moment characteristic of the swivel movements can be seen in FIG. 3. In the embodiment shown in 

and deformations to be determined solely by the S- FIGS. 1 to 3, the rear connecting section Id of the foot 

shaped foot insert. However, it is also possible for the insert 2 is of rigid design. The foot insert 2 is thus made 

spring characteristics to be achieved by the interaction up of a substantially rigidly designed angular part 2a, 

of the S-shaped foot insert with additional resilient com- 45 2/>,a central leaf spring (central section 2c), a bottom leaf 

ponents. spring (bottom section le) and a connection part (con- 

The plantar flection is achieved by reducing the angle necting section Id) connecting the two leaf springs 

enclosed between the front inclined section and the rigidly to one another at their rear ends. In this design, 

central section in a plane perpendicular to the pelvis and the foot insert 2 can be made of plastic. A substantially 

parallel to the direction of walking. The dorsal flection 50 more natural movement for the prosthesis wearer is 

is produced by reducing the distance between the lower obtained by means of the lower end 4 of the rigid angu- 

end of the front inclined section and the upper surface lar element 2a, lb extending relatively far forward. On 

of the bottom section of the foot insert. account of the shaping of the previously described air 

Upon stressing, in order to prevent too great a gap 7, the flection of the bottom section le shifts for- 

spreading apart of the top section of the foot insert with 55 ward in the event of an increasing angle of the front part 

respect to the central section acting as a leaf spring, it is of the foot. This flection first arises in a central area and 

advantageous for the free end of the top section of the then moves to the bearing area between the lower end 

foot insert to be provided with a flection limiter. 4 of the rigid angular element 2a, lb and the upper bulge 

The prosthesis body preferably forms a one-piece 5 of the bottom section le and, in the event of a greater 
cosmetic cover which encloses all of the functional 60 angle of the front part of the foot, shifts further forward 
elements and which has no securing elements on the into an area of the bottom section le which, as intended, 
outside. In this case, the prosthesis body can be de- has a cross-section tapering toward the front or a mate- 
signed in such a way that it provides a partial support- rial thickness decreasing toward the front, 
ing function for the foot insert in the final stage of the Upon stressing, in order to prevent too great a 
standing phase. It is particularly advantageous if the 65 spreading apart of the top section 2a with respect to the 
prosthesis body is enclosed completely, except for its central section 1c acting as a leaf spring, a flection lim- 
top connection surface, by a skin-forming outer layer of iter is provided in the exemplary embodiment according 
foamed plastic, which layer encloses an inner foot of to FIGS. 1 to 3. This limiter consists of a pin 9 which is 
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secured with its lower end on the rear end of the central 
section 2c of the foot insert 2, is guided relatively dis- 
placeably through a recess in the top section 2a and has 
a stop 10 for the top section la at its other end project- 
ing above the top section la. 5 

According to FIG. 1, the prosthesis body 1 forms a 
one-piece cosmetic cover which encloses all of the 
functional elements, has no securing elements on the 
outside, extends as far as the ankle area and, at the top, 
terminates flush with the top section 2a. This cosmetic 1° 
cover is designed in such a way that it provides a partial 
supporting function for the foot insert 2 in the final 
stage of the standing phase. This foot insert 2 can be 
pushed into the cosmetic cover in the manner of a shoe- 
tree with the aid of a special instrument which is, per se, 15 
well known. In the cover, the foot insert then locks 
itself and is thus prevented from inadvertently falling 
cut of the cosmetic cover. 

The cosmetic cover forming the prosthesis body 1 is 
enclosed completely, except for its top connection sur- 
face, by a skin-forming outer layer of foamed plastic 11 
which encloses an inner foot 12 of foamed plastic ex- 
tending into the toe region. The outer foamed plastic 
layer 11 has a specific mass of approximately 0.4 g/cm 3 ^ 
and restoring forces which are small compared to the 
restoring forces of the inner foot 12. The foamed plastic 
forming the inner foot 12 has a specific mass of 0.6 to 1.0 
g/cm 3 . 

FIG. 4 shows a slightly modified embodiment, in 3Q 
which the foot insert 2 consists preferably of a carbon 
fiber material. In this case, a resilient support 14 is pro- 
vided in the wedge-shaped space 13 of the foot insert 2 
enclosed between the front inclined section 2b and the 
central section 2c. The rear connecting section 2d of the 35 
foot insert 2 encloses a tubular support 15 which, if 
appropriate, may also have resilient properties. 

In both embodiments of the foot insert 2, the top 
section la can be twisted in a horizontal plane relative 
to the bottom section 2e, and thus permits a torsion, and 4^ 
consequently a rotation, of the prosthetic foot about a 
vertical axis. In addition, the top section 2a of the foot 
insert 2 can be twisted relative to the bottom section 2e 
in the frontal plane lying perpendicular and transverse 
to the direction of walking, i.e., to the longitudinal plane 45 
of the foot. This twisting allows the insert to adapt to 
inclinations transverse to the direction of walking. 

What is claimed is: 

1. A jointless prosthetic foot for connection to a pros- 
thesis, said prosthetic foot comprising: so 

(A) a prosthesis body having a toe region disposed in 
a front part of said prosthetic foot; and 

(B) a one-piece insert which is provided in said pros- 
thesis body and which absorbs and transmits 
stresses imposed on said prosthesis body, said insert 55 
enabling at least a plantar and dorsal deflection as 
well as axial compression of said prosthesis body, 
said insert having an approximately S-shaped de- 
sign in the longitudinal section of said prosthetic 
foot, said insert including 60 
a top horizontal section which forms a top edge of 

said prosthetic foot and which is connectable to 
said prosthesis, 
a bottom horizontal section which is of an extended 
construction compared with said top section and 65 
which has a free end which extends into said toe 
region of said prosthesis body, whereby a high 
elasticity and a high energy storage capacity of 


6 

said front part of said prosthetic foot are 
achieved, 

a front inclined section extending at an obtuse 
angle from said top section, said top section and 
said inclined section forming a rigid angular 
element, 

a central section having a front end which is con- 
nected to a lower end of said angular element 
and having a rear end, said central section func- 
tioning as a leaf spring, and 

an approximately semi-circular rear connecting 
section which is connected to said bottom sec- 
tion and to said rear end of said central section. 

2. The prosthetic foot as claimed in claim 1, wherein 
said angular element has a lower end which extends 
forward approximately in the area of metatarsophalan- 
geal joints. 

3. The prosthetic foot as claimed in claim 1, wherein 
a bulge is formed on an upper surface of said bottom 
section under a connection area at which said central 
section is connected to said angular element, an air gap 
being formed between said bulge and said connection 
area, said air gap having a slight wedge formation and 
opening toward the front of said prosthetic foot. 

4. The prosthetic foot as claimed in claim 1, wherein 
said top section can be twisted in a horizontal plane 
relative to said bottom section, thereby allowing a tor- 
sion and consequently a rotation of said prosthetic foot 
about a vertical axis. 

5. The prosthetic foot as claimed in claim 4, wherein 
said top section can be twisted relative to said bottom 
section in a frontal plane lying perpendicular and trans- 
verse to a direction of walking. 

6. The prosthetic foot as claimed in claim 5, wherein 
the resilient properties determining a force/path char- 
acteristic and angle/moment characteristic of said rota- 
tions and said flection of said prosthetic foot are deter- 
mined solely by said insert. 

7. The prosthetic foot as claimed in claim 1, further 
comprising additional resilient components connected 
to said insert, wherein all spring characteristics of said 
prosthetic foot are determined by said insert and said 
additional resilient components. 

8. The prosthetic foot as claimed in claim 7, wherein 
one of said resilient components is provided on said 
bottom section and supports said rigid angular clement. 

9. The prosthetic foot as claimed in claim 7, wherein 
a wedge-shaped space is formed between said central 
section and said bottom section and one of said resilient 
components is provided in said space and is enclosed 
between said front inclined section and said central 
section. 

10. The prosthetic foot as claimed in claim 7, wherein 
one of said resilient components is enclosed by said rear 
connecting section. 

11. The prosthetic foot as claimed in claim 10, 
wherein said one resilient component is tubular in 
shape. 

12. The prosthetic foot as claimed in claim wherein 
said top section has a free end, and further comprising a 
flection limiter provided in said free end of said top 
section. 

13. The prosthetic foot as claimed in claim 12, 
wherein said top section has a recess formed therein, 
and wherein said flection limiter comprises a pin having 
a lower end secured to said rear end of said central 
section and having an upper end which extends through 
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said recess in said top section and which terminates in a 
stop which limits movement of said top section. 

14. The prosthetic foot as claimed in. claim 1, further 
comprising a fool adapter provided on said top section. 

15. The prosthetic foot as claimed in claim 1, wherein 5 
said bottom section has a lower contour which matches 
the contour of an underside of said prosthetic foot. 

16. The prosthetic foot as claimed in claim 1, wherein 
said prosthesis body comprises a foot-shaped foamed j 0 
article in which said insert is imbedded. 

17. The prosthetic foot as claimed in claim 1, wherein 
said prosthesis body forms a one-piece cosmetic cover 
enclosing said insert. 

15 


18. The prosthetic foot as claimed in claim 17, further 
comprising a skin-forming outer layer of foamed plastic 
which encloses all of said prosthesis body except for a 
top connection surface thereof, and wherein said pros- 
thesis body includes an inner foot of foamed plastic 
extending into said toe region. 

19. The prosthetic foot as claimed in claim 18, 
wherein said outer layer has a specific mass of approxi- 
mately 0.4 g/cm 3 and restoring forces which are smaller 
than those of said inner foot. 

20. The prosthetic foot as claimed in claim 18, 
wherein said inner foot has a specific mass of between 
0.6 and 1.0 g/cm 3 . 
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